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Implementation of the Simulated Annealing Algorithm 99
Based on the SAA principles, three main elements are necessary for an implementation of the algorithm: a set of 100 parameters governing the convergence of the algorithm (cooling schedule), an initial system configuration, and 
114
While the SAA may be applied to solve a wide range of problems, the algorithm parameters producing the best 115 solutions in each case depend on the problem solved and its size (Johnson et al. 1989 ). Pardalos et al. (2000) 116 discuss the difficulty of choosing a cooling schedule, as its performance for a particular problem cannot be fully 117 appreciated a priori. The choice relies on an adaptive geometric (Johnson et al. 1989 
Initial System Configuration 125
Different possible methodologies can be used for defining an initial system configuration such as the use of 
Generation of New System Configurations 135
Consider the definition of the discretization mesh Ω N (Fig. 2) 
140
Moves are allowed to any of the adjacent nodes varying x, y and/or z that define the neighborhood envelope. 
153
The generation of new candidate HSR configurations aims at allowing small rearrangements to be 154 tested instead of profound changes. This is affected by the neighborhood structure but also by the degree of 155 freedom with which the current configuration is perturbed. In the case of the HSR optimization problem, the 156 degree of freedom relates to the number of nodes to be randomly perturbed to generate a new alignment. If the 157 degree of freedom is too low, the algorithm can be circumscribed to part of the design space, but if the degree of 158 freedom is too large, the algorithm engages in a random search and refrains from taking advantage of the local 
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Natural Barriers 170
Land-Use 171
Different land-use areas, irregularly sized and shaped, exist in real problems. Specific areas can be protected 172 under regulatory frameworks and HSR overlay may be barred. When such areas are scattered within the search 173 space of the problem, the ability of the SAA to perform a global search can be limited and, as a result, the ability 174 of the algorithm of finding optimal or near-optimal solutions is compromised.
175
Land-use challenges to the algorithm convergence are identified for the Lisbon-Oporto case (Fig. 3) 
176
where protected land-use exist, in which HSR overlay is not allowed. Starting from an initial arbitrary HSR 177 (Fig. 3a) , under the current procedures for generating new system configurations, an implementation of the SAA 178 results in a sub-optimal solution (Fig. 3b) , as later proven. The algorithm is able to search the problem space in 
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Bodies of Water 226
Bodies of water such as rivers or lakes commonly affect transport infrastructure projects. In fact, establishing 227 HSR links often involves building bridges and tunnels to overcome such natural barriers. In specific cases, the 228 bodies of water can be part of waterway routes, and navigability concerns are imposed on the construction of 229 new infrastructure. Such is the case of the Lisbon-Oporto HSR that inevitably entails the construction of bridges 230 or tunnels (Fig. 6) . Furthermore, navigability is required in parts of the Tagus River.
231
To realistically represent such concerns, additional constraints are implemented in the optimization 232 model that require bodies of water to be crossed by either bridges or tunnels. These feasibility requirements 233 further determine a minimum clearance to be observed that should be defined depending on the problem feasibility is determined by protected areas (Fig. 3) , the mandatory connection of Lisbon, Coimbra and Oporto
311
and the bridge and tunnel requirements for crossing bodies of water.
312
The SAA is implemented to solve the model and address the complexities posed by real problems. An 
322
Detailed studies can be performed for a comprehensive representation of the value of intermediate connections.
323 Fig. 9a shows that the proposed methodology for generating HSR candidate solutions is capable of 324 addressing the difficulties caused by protected land-use areas acting as natural barriers, which is not possible 325 with previous implementations (Fig. 3b) . The mechanisms implemented allow the SAA to perform a global 326 exploration of the problem space, considering radically different configurations, which is central to the 327 effectiveness of finding optimal or near-optimal solutions of optimization problems. As a result, the objective 328 function value was reduced from 2008.2 (Fig. 3b) to 786.96 Million Euros (Fig. 9a) . Tagus River, next to Lisbon (Fig. 9b) , both rail infrastructures take advantage of the smaller costs of building on 337 level ground (Fig. 9c ). 
342
The HSR is 296.3km long, and tunnels are mostly built between km270 and km285 where high 
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